Exon Sequences) is a utility written to automate construction and analysis of high quality intron and exon sequence databases produced from EST (expressed sequence tag) to genomic sequence alignments. We demonstrated the various programs of the FELINES utility by creating intron and exon sequence databases for the fungal organism Schizosaccharomyces pombe from alignments of EST to genomic sequences. In addition, we analyzed our constructed S.pombe sequence databases and the well-established Saccharomyces cerevisiae intron database from Manuel Ares' Laboratory for conserved sequence motifs. FELINES was shown to be useful for characterizing branchsites, polypyrimidine tracts and 5¢ and 3¢ splice sites in the intron databases and exonic splicing enhancers (ESEs) in S.pombe exons. FELINES is available at http:// www.genome.ou.edu/informatics.html.
INTRODUCTION
Expressed sequence tags (ESTs) provide a snapshot of gene expression in an organism (1) and are valuable for a variety of techniques including microarray construction and development of gene prediction software for genome annotation. As the genomes of more eukaryotic organisms are sequenced, the value of EST libraries is increasingly recognized for de®ning introns and exons in genomic sequences. For example, the Genomic On-Line Database (GOLD) lists over 270 ongoing or complete eukaryotic sequencing projects (2) . The GenBank EST database, dbEST (http://www.ncbi.nlm.nih.gov/dbEST/ index.html), lists 559 different organisms with ESTs; 345 organisms have 100 or more ESTs (3) . Automated analysis processes are necessary to take advantage of the enormous number of EST and genomic sequences available in the public domain. Although several programs can align ESTs to genomic sequences (4±6), none of these tools allows for the creation of high quality intron and exon sequence databases derived from alignments. Also, public domain utilities for mining such databases are limited.
Our objective was to develop a utility to assemble intron and exon sequence databases based upon EST to genomic alignments and analyze those databases for conserved elements. Rather than attempt to create a new EST to genomic sequence alignment program, an existing program was used. After reviewing available alignment programs including est2genome (5), Spidey (6) and sim4 (4), Spidey was selected for reasons of speed and sensitivity (6) . The utility FELINES (Finding and Examining Lots of Intron`N' Exon Sequences) that we developed and describe here provides a means of automated construction and analyses of intron and exon sequence databases. This utility operates at three levels. The ®rst level is the alignment process that pairs ESTs with their homologous genomic sequences and aligns the ESTs on the genomic sequence using BLASTN and Spidey in a batchwise automated manner. The second level ®lters and extracts intron and exon sequences from the EST to genomic sequence alignments. The third level allows the user to analyze the constructed intron and exon sequence databases.
To validate and demonstrate the utility and versatility of FELINES, we used sequence data from two model fungal organisms. The ®rst organism was the ®ssion yeast, Schizosaccharomyces pombe. Schizosaccharomyces pombe is an ideal test organism because the genomic sequencing has been completed and a large number of EST sequences are available. In addition, S.pombe genes often contain one or more introns (7) . These features enabled us to demonstrate the entire FELINES utility. The second organism was the budding yeast, Saccharomyces cerevisiae. Saccharomyces cerevisiae was chosen as a test organism for the FELINES utility due to the availability of an annotated database of all known S.cerevisiae introns (8) . Thus, the S.cerevisiae dataset allowed us to validate aspects of FELINES. In addition, the S.cerevisiae intron dataset served as an excellent example of the analysis process for an externally derived intron sequence database using the FELINES utility.
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MATERIALS AND METHODS

De®nitions
The nucleic acid abbreviations used were based upon the standard IUPAC abbreviations (9) . Brie¯y, A = adenine; C = cytosine; G = guanine; U = uridine; Y = cytosine or uridine; R = guanine or adenine; W = adenine or uridine; S = guanine or cytosine; K = guanine or thymine; N = uridine, cytosine, guanine or adenine.
Motif de®nitions
The FELINES utility is designed to allow customization of parameters that are organism dependent or that the investigator wishes to de®ne more or less stringently. For example, one program of the FELINES utility automatically searches for motifs such as branchsites or polypyrimidine tracts; the user can customize the de®nition for these motifs within the FELINES options ®le. Each motif is de®ned using Perl regular expression which enables complex motifs to be de®ned (10) . For all conserved sequences other than the branchsite, the motifs were identi®ed using a linear search process.
The motifs that we used for searching our S.pombe and S.cerevisiae datasets for branchsites, polypyrimidine tracts and possible ESEs are listed below. The branchsite motif de®nition used was based on branchsite motifs previously described for metazoans and S.cerevisiae (8, 11, 12) . Brie¯y, the primary branchsite motif was de®ned as CURAY, the secondary branchsite was de®ned as UURAY, and the alternative was a modi®ed YURAY motif where either the 1st, 3rd, or 5th position could be an N while the other positions were held constant. The modi®ed YURAY motif was used only if no CURAY motif or UURAY motif could be identi®ed. FELINES identi®ed the potential branchsite as the last instance of the motif in the 3¢ end of the intron. The polypyrimidine tract de®nition we used was based upon the results of previous studies of polypyrimidine tracts (13±16). Brie¯y, a polypyrimidine tract was de®ned as any six consecutive nucleotides that contained at least three uridines and no adenines. The functional human ESE motifs used for searching for potential ESEs in the S.pombe exon dataset are listed in Table 1 .
Data sources and data preparation
To demonstrate the utility of FELINES, a database of 8123 S.pombe ESTs was downloaded from dbEST on January 15, 2003. The genomic sequences used were S.pombe chromosomes 1, 2 and 3. These sequences were downloaded from GenBank on July 10, 2003 and formatted for BLAST analysis using formatdb (17) . A separate FASTA ®le was created for each EST sequence and genomic sequence using all2many.pl (J.White and B.Roe, unpublished, University of Oklahoma, http://www.genome.ou.edu/informatics.html). The Ares Laboratory Yeast Intron Database (YIBD) 3.0 (8) is a database of 253 introns of S.cerevisiae representing 100% of that organism's known introns with the branchsite for each intron identi®ed. We obtained this dataset from http://www.cse. ucsc.edu/research/compbio/yeast_introns.html and used it without modi®cation.
Additional program sources
The Linux executable of Spidey (6) Figure 1 shows the manner in which the FELINES utility can be used to construct intron and exon sequence databases and to search for conserved motifs contained in the intron and exon datasets. The arrows illustrate the path of data¯ow. The process of using FELINES begins by customizing the options ®le which is drawn on directly by other FELINES segments. The Alignment Level or Level 1 is next, and in this step wiscrs.pl is run to provide the Spidey alignments for the EST and genomic sequence pairs employing the user-speci®ed conditions in the options ®le. Extraction Level or Level 2 follows with gumbie.pl parsing the Spidey alignment ®les based upon the conditions speci®ed in the options ®le. The output of gumbie.pl provides intron and exon sequence databases. It is at this point that externally prepared intron or exon datasets can be inserted. The ®nal step is the Analysis Level or Level 3 in which three different programs, namely icat.pl, cattracts.pl and ®ndnmers.pl, are available to de®ne conserved motifs such as branchsites, polypyrimidine tracts, 5¢ and 3¢ splice junction motifs or potential ESEs. Automated batchwise alignmentsÐwiscrs.pl. As noted above, the initial goal was to align large numbers of EST sequences to their corresponding genomic sequences and use these alignments to create intron and exon sequence databases. The wiscrs.pl (write individual sequence comparisons, run spidey) program was written to automate the alignment layer in this process. The ®rst step of this process was to pair EST sequences with related genomic sequences. Though there are many different methods for determining sequence similarity, BLAST is perhaps the most familiar and is widely available (17) . Therefore, using BLASTN, wiscrs.pl created an output ®le of homologous ESTs for each genomic sequence. Whether or not an EST is determined to be a potential homolog to a genomic sequence depends to a great extent on hoẁ homology' is quanti®ed. One of the most widely used methods for determining homology is the e-value derived through a BLAST comparison. A user can decide what e-value constitutes homology and set that e-value in the FELINES options ®le as the minimal acceptable e-value. We found that more restrictive e-values reduce the computational time but can also result in valid alignments being excluded from the resulting intron and exon databases. For our S.pombe dataset example, an e-value of 1 Q 10 ±3 was set in the options ®le.
RESULTS
Schema for identi®cation of introns, exons and conserved motifs
Wiscrs.pl performed the BLASTN comparison, and then created a ®le containing all EST sequences deemed homologous for each genomic sequence. The second step that wiscrs.pl does is initiation of EST to genomic sequence alignments by Spidey. This results in one extended ®le for each genomic sequence containing the best possible alignment of each EST to the genomic sequence.
Creation of intron and exon databasesÐgumbie.pl. After the ESTs have been successfully aligned to the genomic sequences, the next step was to extract the genomic alignment coordinates from the Spidey alignment ®les and create intron and exon sequence databases from the alignments. Gumbie.pl (gather up mRNA-based introns and exons) was written for this purpose. Gumbie.pl performs the extraction layer of the overall process ( Fig. 1 ) and was based, in part, on extractfasta.pl (J.White and B.Roe, unpublished, University of Oklahoma, http://www.genome.ou.edu/informatics.html). At the command line, gumbie.pl is given the name of the options ®le and the name of the ®le containing the names of all of the Spidey alignment ®les. Gumbie.pl extracts the identi®ed intron and exon regions from the genomic sequence and parses them to the respective database.
The sequence databases were constructed in either raw or ®ltered mode. In raw mode, gumbie.pl did not ®lter any of the alignments. However, because (i) a single EST may have short regions of homology to multiple genomic regions, (ii) the genomic or EST sequences may contain sequencing errors, or (iii) small exons may be incorrectly aligned (6) , it was desirable to ®lter the sequences before constructing the databases. To eliminate these problems, multiple, easily modi®ed ®ltering criteria were built into FELINES. Each ®ltering criterion was designed to be fully customizable from within the options ®le.
The ®rst set of alignment ®lters evaluates global alignment quality. Global alignment ®lters are effective at removing weak alignments quickly. The ®lters include minimum percent identity, minimum percent mRNA coverage, maximum number of allowable mismatches, maximum number of allowable gaps and the minimum number of exons. The three most powerful ®lters were the minimum percent identity, the minimum percent coverage and the minimum number of exons. These three ®lters effectively screened out the majority of the poor alignments.
The complete options ®le that we used for our S.pombe example is available in the supplementary data.
The minimum percent identity is a measure of the number of identical nucleotides between two sequences over a de®ned sequence distance. In development of the Spidey program, Wheelan et al. (6) required a 95% or greater similarity. However, the data used in the development of Spidey consisted of mRNA annotations extracted from GenBank. EST sequences, as single pass sequences, are more error prone than mRNA annotations from GenBank. Consequently, the majority of mRNA annotations in GenBank match the genomic sequence exactly, whereas EST sequences often have regions of low quality sequences that may have poor homology to the corresponding genomic sequence. Therefore, when analyzing the alignment of the S.pombe EST sequences to the genomic sequence, a cut-off level of 90% sequence identity was chosen and was the parameter placed in the S.pombe options ®le.
The minimum percent coverage is a measure of the length of the mRNA covered by the sequence alignment. To better accommodate the problems of low quality sequences found in EST libraries, Spidey is designed to truncate the EST sequences in order to enable alignment of the EST to the genomic sequence. However, allowing too much truncation results in a meaningless alignment. In our S.pombe test set, 80% minimum coverage was used.
The remaining three global alignment ®lters, concerned with maximum number of allowable mismatches, maximum number of allowable gaps and the minimum number of exons, were used to remove alignments that were generally weak but still met the above criteria. In this way, sequences that appeared to have a signi®cant number of gaps in the alignment or to have a great number of mismatches can be removed.
The second set of ®lters used with gumbie.pl contained local alignment ®lters. These allowed for the evaluation of the quality of individual intron and exon sequences. Local alignment ®lters were very effective in removing intron and exon sequences that had poor quality alignment only over a part of the EST (i.e. short exons not accurately aligned by Spidey or poor quality sequence data). These ®lters examined intron length, splice site pairs and intronless exon length.
Intron length was also a useful local alignment ®lter. In the process of aligning ESTs to genomic sequences, Spidey is designed to align exons at all costs. This occasionally resulted in introns that were tens-of-thousands of nucleotides in length, a situation that is quite unrealistic for introns of the fungal organisms we were analyzing. Eukaryotes are known to ef®ciently splice introns that fall in a de®ned length range, and that length range varies between species. For example, Deutsch and Long (18) found that the intron length for humans ranged from 25 to 54 916 nt and for Aspergillus from 42 to 241 nt. So, we wanted to set parameters into the options ®le that would eliminate introns that were unrealistically long for eukaryotic organisms like fungi. To determine the parameters to use in the options ®le, we reviewed typical intron lengths for other eukaryotic organisms. We found that the shortest eukaryotic spliceosomal introns found to date were identi®ed in the chlorarachniophyte algal endosymbiont, and had an average length of 20 nucleotides (19) . Thus, the length of 20 nucleotides was put into the options ®le as the shortest allowed intron length for S.pombe. We used 2000 nucleotides as the maximum acceptable intron length for S.pombe, because this is about twice the size of the longest identi®ed intron in the fungus S.cerevisiae (20) . Therefore, the acceptable intron-length range in the options ®le for S.pombe was set to 20±2000 nucleotides.
A second local alignment ®lter contained the de®nition for an acceptable intron splice site pair. It has been reported that 5¢GU...AG3¢ and 5¢GC...AG3¢ account for more than 98% of the annotated introns in GenBank (18, 21) . In addition, recently published whole genome sequences suggest that 5¢GU...AG3¢ and 5¢GC...AG3¢ intron splice sites are the only splice classes used by S.pombe or the related hemiascomycetous fungi (7, 8, 22) . As a result, only 5¢GY...AG3¢ splice sites were considered valid in this study. It is important to note, however, these are not the only splice site classes that have been identi®ed (23) . Consequently, in the FELINES options ®le, one can de®ne as valid any desired splice class.
Exon sequences have considerably greater variation in length and lack strongly conserved 5¢ or 3¢ splice site sequence motifs. Therefore, construction of useful exon sequence ®lters was based upon the quality of¯anking introns. As an example, if an intron with two¯anking exons did not meet the de®ned ®ltering criteria, neither of the¯anking exons would be included in the exon sequence database.
There were also a number of exons that did not havē anking introns. These`intronless exons' obviously could not be ®ltered based upon the quality of the adjacent introns. However, we desired to include intronless exons in the exon sequence database as they presumably represent a gene with an uninterrupted open reading frame. As a result, a minimum length ®lter was implemented for intronless exons. For analyzing the S.pombe data, the minimum length used was 300 nt. This length is consistent with the minimum length often used for de®nition of ORFs (24) . As a result of using the above ®lters, a database of 1298 intron sequences and a database of 4024 exon sequences were created from 8123 EST sequences and the three S.pombe chromosomal sequences. An example of a portion of the gumbie.pl output is available in the supplementary data.
Identifying conserved intron motifsÐicat.pl. Icat.pl (intron consensus analysis tool) was developed to perform two tasks. First, icat.pl was designed to ®lter all intron databases generated outside of FELINES using the parameters from the options ®le. This insured that all intron datasets generated outside of the FELINES utility were comparable to those generated from within the utility. A part of the icat.pl summary output describes the number of sequences removed from any intron dataset analyzed and the basis for the removal (see supplementary data). The second task for which icat.pl was developed was identi®cation of conserved sequence motifs in intron sequences. The conserved sequence motifs for which the program searched were de®ned in the FELINES options ®le and the results of the search were reported in the icat.pl summary output (see supplementary data).
When we ran our S.pombe intron sequence dataset through icat.pl, there were no additional introns removed. This was expected because icat.pl and gumbie.pl used the same options ®le, and we did not make any changes to that options ®le before we ran icat.pl. We also ran the Ares Laboratory S.cerevisiae YIDB (8) through icat.pl using an options ®le identical to the one we customized for S.pombe. No introns from the YIDB dataset were removed by icat.pl. Below we have described the use of icat.pl for ®nding conserved sequence motifs such as branchsites, polypyrimidine tracts, and 5¢ and 3¢ splice sites.
Branchsite identi®cation. The algorithm used to identify the branchsite in icat.pl was designed to search for three variations of the branchsite motif, the primary, the secondary and an alternate motif. To identify the potential branchsite sequence, all overlapping instances of the primary motif, the secondary motif and the alternate branchsite motif were identi®ed within each intron sequence. If the primary motif was found, the 3¢-most instance of the primary motif was considered the branchsite. If there were no instances of the primary motif, the 3¢-most instance of the secondary motif was considered the branchsite. Finally, if neither the primary nor secondary motifs were found, the 3¢ most instance of the alternative motif was identi®ed as the potential branchsite. Any introns for which a potential branchsite sequence could not be identi®ed were not included in subsequent branchsite-related analyses.
Using the information about the potential branchsite, icat.pl went on to create four additional ®les in FASTA format. Each of these ®les only contained introns for which a potential branchsite sequence could be identi®ed. The ®rst ®le was a list of the complete sequence for each intron. The second ®le contained the branchsite sequence for each intron. The third ®le contained the sequence of each intron 5¢ of the branchpoint, i.e. the sequences from the 5¢ splice site through the branchpoint`A'. The fourth ®le contained the sequence of the intron after the potential branchpoint, i.e. the sequences beginning after the branchpoint`A' to the 3¢ end of the intron.
To validate icat.pl, we compared the annotated branchsites for the YIDB with the results obtained by running the YIDB through icat.pl. The branchsite motifs used were CURAY as the primary motif, UURAY as the secondary motif and YURAY (allowing the variations noted in Materials and Methods) as the alternate motif. The YIDB is an extensively tested database of intron sequences with annotated branchsites for S.cerevisiae, the majority of which have been validated in vivo or in vitro (8) . By checking the branchsite identi®ed by icat.pl for congruence with the YIDB annotated branchsite, we veri®ed that icat.pl was able to ®nd branchsites effectively. Both the YIDB and the icat.pl program identi®ed a branchsite for 100% of the introns in the YIDB dataset. We found that for 90% of the introns, the branchsite identi®ed by icat.pl was identical to the annotated branchsite in the YIDB. For most introns where icat.pl identi®ed an alternate branchsite from the YIDB, there were two, or in one case three, overlapping CUAAC motifs, i.e. CUAACUAAC or CUAACUAACU-AAC. Based upon the above algorithm, icat.pl identi®ed the CUAAC motif closest to the 3¢ end of the intron as the branchsite. In the YIDB, the branchsite was annotated as the CUAAC motif closest to the 5¢ end of the intron. Using the same primary, secondary and alternate motifs with our S.pombe intron dataset, we were able to identify a branchsite motif for 99.9% of the introns.
Polypyrimidine tract identi®cation. Icat.pl was used to identify all the relative locations of polypyrimidine tracts in the S.pombe and S.cerevisiae introns based upon the de®nition for polypyrimidine tracts that we had placed in the FELINES options ®le. We found potential polypyrimidine tracts in 90% of the S.pombe introns surveyed and 97% of the S.cerevisiae introns surveyed. The introns for which no polypyrimidine tract could be identi®ed ranged in length between 35 and 105 nucleotides.
Icat.pl also separately searched for polypyrimidine tracts in the region of the intron sequence from the 5¢ splice site to the branchpoint`A' and the region from the branchpoint`A' to the 3¢ splice site. Each intron was classi®ed as having (i) polypyrimidine tract(s) 5¢ to the branchpoint only, (ii) polypyrimidine tract(s) 3¢ to the branchpoint only, (iii) polypyrimidine tract(s) 5¢ and 3¢ to the branchpoint, or (iv) no polypyrimidine tracts that met the options ®le de®nition. We found that while 29% of the S.cerevisiae introns analyzed had polypyrimidine tracts only in the 5¢ region of the intron, 62% of the S.pombe introns had polypyrimidine tracts only between the 5¢ splice site and the branchpoint. Conversely, we identi®ed a polypyrimidine tract only in the region from the branchpoint to the 3¢ splice site in 3.6% of the S.cerevisiae introns and 1.6% of the S.pombe introns.
5¢ and 3¢ splice sites. As previously mentioned, icat.pl is also useful for identifying the 5¢ and 3¢ terminal nucleotides. Using icat.pl, it was also noted that the 5¢GU...AG3¢ terminal dinucleotides of the intron accounted for all but one (>99%) of the S.pombe introns in our database. In the YIDB intron dataset, 98% of the introns matched the 5¢GU...AG3¢ terminal dinucleotide motif. The remainder of the introns surveyed had the 5¢GC...AG3¢ splice site motif. A previous whole genome analysis of S.pombe intron splice sites based on a predicted intron dataset found three 5¢GC...AG3¢ introns (7).
Identifying ®xed-length motifsÐ®ndnmers.pl. Findnmers.pl was designed to identify all ®xed-length polynucleotide sequences (N-mers) in a single FASTA ®le. For example, ®ndnmers.pl could be used to ®nd all pentamers, hexamers, decamers, etc. in a group of sequences. Any over-represented motifs could be identi®ed and could represent conserved motifs in the sequences analyzed. Findnmers.pl was designed to allow the user to specify the length of the N-mer at the command line. Findnmers.pl then tallies the number of occurrences of each N-mer. In addition, a Z-score is calculated for each N-mer. The Z-score and other statistics are approximated assuming a uniform DNA base distribution of N-mers with equal N-mer probabilities. The occurrence of any one N-mer can be modeled as a binomial with probability, p = 1/4 N , q = 1 ± p = (4N ± 1)/4 N . A further approximation is to use a Poisson distribution using a parameter equal to the number of N-mers examined times p. These distributions, however, are only an approximation, because the DNA base distribution is not truly random, and the N-mers will not be independent of each other when sliding through a sequence one base at a time as we did in ®ndnmers.pl. Both approximations were used in ®ndnmers.pl, consequently, results from ®ndnmers.pl provide only an estimate of the Z-scores for the most abundantly represented N-mers. As a command line option, the user can specify a minimum Z-score for an N-mer to be included in the output. Z-score was included to provide a means of determining how over-represented an N-mer was.
We analyzed our S.pombe intron database using the ®ndnmers.pl default N-mer length of six nucleotides to discover any over-represented nucleotide hexamers. Findnmers.pl tallied the number of sequences in which the hexamer occurred (Seqs), and the total number of occurrences of each hexamer (Total). Findnmers.pl also calculated Z-scores for the number of sequences in which each hexamer occurred (Z-Seqs) and the total number of occurrences of each hexamer (Z-Total). A partial output for our S.pombe intron database is shown in Figure 2 . In the S.pombe dataset, the ®rst hexamer, GUAAGU was the most common six-nucleotide motif detected by ®ndnmers.pl, and it occurred once in each of 534 introns. Since this sequence was strongly reminiscent of the 5¢ terminal intron motif, we decided to look for similar sequences. We found the 15th hexamer, GUAUGU, occurred a total of 307 times in 305 different introns (Fig. 2) . The 6th, 7th and 9th hexamers appear to be branchsite motifs, each containing at least a portion of the CUAAC motif commonly identi®ed as the branchsite (Fig. 2) . The 10th, 12th and 17th hexamers are not as easily categorized (Fig. 2) . However, the 10th and 12th hexamers (Fig. 2) matched a repeat motif that has been categorized for zebra ®sh (accession no. AL590146) and the 17th hexamer matched a repeat motif identi®ed for humans (accession no. AL031846). The remaining hexamers are likely portions of polypyrimidine tracts based upon their high uridine content. An extended portion of the output from this analysis can be found in the supplementary data. Having identi®ed potential conserved sequence motifs, we were interested in discovering where in the introns these motifs were located. For this purpose, we used cattracts.pl, described below.
Locating user-de®ned sequence motifs. Cattracts.pl can search for multiple user-de®ned sequence motifs simultaneously. The input for cattracts.pl is the name of the FASTA-formatted sequence ®le to be searched and the name of a FASTAformatted¯at ®le containing the desired motif(s) written in Perl regular expression format (10) .
We ®rst wished to con®rm the polypyrimidine tract ®ndings from icat.pl. A search for polypyrimidine tracts using the de®nition described in the Materials and Methods, provided identical results to those identi®ed with icat.pl.
Next, we decided to use cattracts.pl to extend the ®ndings from ®ndnmers.pl. We searched for the two previously identi®ed hexamers, GUAUGU and GUAAGU using cattracts.pl. The hexamer GUAAGU occurred in the ®rst 10 nucleotides of 533 introns. The single remaining instance of the motif was in the 71±80 nucleotide range. These data indicated that these sequences are indeed present nearly exclusively at the 5¢ end of S.pombe introns. The hexamer GUAUGU was found in the 0±10 nucleotide range in 299 instances, 21±30 nucleotide range in three instances, twice in the 101±110 range and once in the 121±130 nucleotide range. Cattracts.pl also found that there were four introns with two occurrences of GUAUGU or GUAAGU while the remainder of the introns containing either of the two hexamers had only one occurrence each. A portion of this cattracts.pl analysis is available in the supplementary data.
We also used cattracts.pl to search the exon sequences for conserved sequence elements. Some of the most common conserved exon sequences are exonic splicing enhancers (ESEs). ESEs are important for the de®nition of exons and have been found to regulate alternative splicing by binding serine-arginine (SR) proteins (25) . We searched the exon regions of our S.pombe exon sequence database using a list of consensus sequences for functional ESEs (Table 1 ) (26) . Of the 3944 exons searched, only 32 had regions that matched the SRp20 functional ESE motif while 2479 had regions that matched the SRp40 functional motif and 1491 had regions that matched the SRp55 functional motif. This is interesting given that the already identi®ed S.pombe SR protein homolog, Srp2, is most similar to the human SR proteins SRp40 and SRp55 (27) . In addition, we found that 3159 or 80.1% of the exons surveyed had motifs that matched putative ESE motifs. Our ®ndings using cattracts.pl to identify potential ESE motifs con®rm and extend the ®ndings of Lutzelberger et al. (27) .
DISCUSSION
We have demonstrated that the FELINES package is a useful tool kit for constructing high quality datasets of introns and exons and for manipulating the datasets in a fast, automated, modular manner. Due to the rapidly increasing size and number of EST and genomic libraries, FELINES is predicted to be a highly useful utility for accurately de®ning introns and exons. Wiscrs.pl in conjunction with gumbie.pl makes the process of obtaining high quality intron and exon datasets a task that can be easily performed on a PC computer attached to the internet. We used wiscrs.pl and gumbie.pl to create S.pombe intron and exon databases derived from ESTs aligned to genomic sequences. The intron and exon databases we created were signi®cantly larger than previous experimentally based S.pombe intron and exon datasets, and were of high quality because of the ®ltering process incorporated into gumbie.pl. The quality of the datasets generated through the use of wiscrs.pl and gumbie.pl can be varied to suit the investigator simply by modifying parameters in the options ®le. In fact, one can set up several options ®les containing different numbers or de®nitions for each parameter, so that one can determine how changing any given parameter will affect the data outcome. FELINES does not limit one to starting the process with EST and genomic data for preparing intron and exon datasets. As we demonstrated with the S.cerevisiae intron dataset that was already available from the Ares Laboratory, one can analyze data in existing datasets using the Analysis level of FELINES (Fig. 1 ).
Before using the Analysis level of FELINES to obtain information from our S.pombe datasets, we wanted to validate the utility and quality of the programs using a fungal intron dataset from an organism with an annotated database of all of its known genes. The S.cerevisiae intron dataset of Ares (YIBD) ®ts this need and was subjected to icat.pl. Icat.pl was designed to identify conserved sequence motifs in intron sequences and to ®lter existing intron datasets using the same criteria as used by gumbie.pl for introns. Icat.pl ®lters did not eliminate any of the S.cerevisiae introns, which was an expected result, based on the quality of the database. Our search for branchsites showed that icat.pl identi®ed potential branchsites in all S.cerevisiae intron sequences and, for 90% of the introns, the branchsites were identical to branchsites previous de®ned (8) . The majority of the miscalls were minor in that overlapping branchsite motifs were present and icat.pl called the motif closest to the 3¢ end of the intron and the YIDB-de®ned branchsites were the motifs closest to the 5¢ end. The excellent agreement of our branchsite results with those annotated in the YIDB con®rmed that icat.pl could accurately and rapidly identify nucleotide motifs in a database.
Using icat.pl, we were able to identify polypyrimidine tracts and show the relationship of the polypyrimidine tract location to the location of the branchpoint of the intron. Icat.pl was also useful for con®rming that the 5¢GU...AG3¢ splice site class was the predominant intron donor/acceptor pair used in S.pombe. Finally, icat.pl enabled the identi®cation of 5¢GC...AG3¢ splice class introns and our ®ndings agreed with previous ®ndings of Wood et al. (7) .
The FELINES program ®ndnmers.pl enabled us to examine over-represented intron sequence motifs of any length we desired. Using ®ndnmers.pl to search for hexamers, we identi®ed two potential 5¢ splice site motifs. In addition, other frequently occurring hexamers were suggestive of motifs previously de®ned in other organisms, or the hexamers were potentially polypyrimidine tracts. The splice site motifs and polypyrimidine tracts identi®ed are important binding sites in spliceosomal formation (28) , but they are not the only conserved motifs that might show up in a search for overrepresented sequences. Identi®cation of over-represented sequences has been an effective means of identifying other conserved sequence motifs (29, 30) .
Another analysis component of FELINES, cattracts.pl was used to provide data to con®rm that the putative 5¢ splice site motifs that were suggested by ®ndnmers.pl output were indeed 5¢ splice site motifs. Cattracts.pl was also extremely useful in identifying motifs that could possibly be ESEs in exonic sequences of S.pombe. Using cattracts.pl with the S.pombe exon database, we determined that over 80% of the exons surveyed contained a sequence region that matched one of the previously identi®ed functional human ESE motifs.
Due to the interrelated nature of the information retrieved using each Analysis level program, the ®ndings from one program served to con®rm the ®ndings of another program. For instance, the polypyrimidine tract results were identical in icat.pl and in cattracts.pl. Furthermore, the program ®ndnmers.pl identi®ed uridine-rich sequences as overrepresented sequences. Also, when the 5¢ branchsite motifs were analyzed using icat.pl, cattracts.pl and ®ndnmers.pl, each program identi®ed the 5¢GU motif as the predominant splice motif.
The FELINES programs can be used to compare branchsite, polypyrimidine tracts, 5¢ and 3¢ splice sites, and putative ESE elements from datasets from several organisms. This application was demonstrated by using intron and exon databases prepared from EST and genomic sequences from several FELINES is a versatile, fast, automated modular utility. FELINES is quickly and easily adapted for use with a wide variety of eukaryotic organisms by modifying the options ®le. The FELINES utility can analyze small or large sequence datasets; there is no theoretical limitation to the size of the datasets that can be analyzed. These strengths make FELINES a very useful utility for rapid and ef®cient analysis of multiple genomes. Furthermore, although FELINES was written on a Linux system, it is written in Perl and can be used on virtually any platform.
Availability
The FELINES package can be downloaded from the World Wide Web at http://www.genome.ou.edu/informatics.html. Users of this package should cite the present publication as a reference. The authors welcome comments, corrections and additions.
